Background: Recovery describes a restoring process influencing the health conditions of
scrutinize the role of recovery and stress with regard to the severely limiting burden of low back pain (LBP) in order to provide potential implications for the practical work with LBP patients. Sluiter, FringsDresen, van der Beek, and Meijman (2001) examined the relationship between work characteristics and neuroendocrine measures and the need for recovery and health status. Individuals with higher job demands and less favorable interpersonal relationships showed a higher need for recovery and significantly more health issues. Job demands were operationalized via work pace and the workload indicated by the participants. Corresponding results were found for the physiological components. A direct relationship between the subjective need for recovery and health issues was not established but the authors highlighted the importance of recovery monitoring in workrelated health screenings.
Predictive data for the role of need for recovery with regard to health issues were published by Sluiter, van der Beek, and FringsDresen (1999) . In the context of the afore-mentioned study, need for recovery significantly predicted psychosomatic, sleep and emotional issues in coach drivers. The investigation of predictive or mediating influences of need for recovery on subsequent health problems or sickness absence was also performed in other research approaches.
Several aspects of recovery were considered to be pivotal to prevent negative health and work outcomes (de Croon, Sluiter, & FringsDresen, 2003; Geurts & Sonnentag, 2006; Sonnentag & Zijlstra, 2006) . A recent study by Aronsson, Astvik, and Gustafsson (2013) investigated the explanatory value of recovery with regard to work absenteeism and health conditions by clustering the participants into groups based on their level of recovery ("not recovered", "in-between" or "recovered"). The analysis revealed an increased relative risk for negative health outcomes (e.g. headache, neck/shoulder/back pain) for individuals belonging to the "not recovered" group.
| Recovery and LBP
Associations between recovery, stress and specific health outcomes have been scrutinized in several studies with regard to complaints such as stomach ache, headache or musculoskeletal pain (Aronsson et al., 2013; Gawke, Gorgievski, & van der Linden, 2012; Sluiter, de Croon, Meijman, & Frings-Dresen, 2003; Sluiter et al., 1999) . Nevertheless, investigations aiming at potential relationships between recovery, stress and musculoskeletal pain in the lower back region are lacking, but should be initiated for two reasons. Firstly, adequate and feasible approaches to deal with LBP remain an essential topic in LBP research.
Secondly, LBP remains a serious financial burden, affecting the majority of individuals at least once in a lifetime (Balagué, Mannion, Pellisé, & Cedraschi, 2012; Hoy et al., 2012) . Both the onset and the chronification of LBP underlie stress-related mechanisms (Nicholas, Linton, Watson, & Main, 2011; Pincus, Burton, Vogel, & Field, 2002) but a direct or moderating association between measures of recovery and LBP has only been assumed by Mierswa and Kellmann (2014) .
The potential role of recovery in the context of LBP and the working environment has recently been outlined in a theoretical model by Mierswa and Kellmann (2015) . They state that recovery may affect the process of LBP development in two different ways (Figure 1 ). On the one hand, recovery can exert a protective effect on work stress, as a highly recovered individual is capable of coping with stressful situations in a more effective way. On the other hand, recovery may also serve as a valuable source to restore an exhausted and stressed organism physically and psychologically. The authors assumed that an imbalance of sufficient recovery and high stress due to workloads may increase the probability of suffering from LBP. In concluding, Mierswa and Kellmann (2015) pointed out that these hypothetical assumptions require adequate data and evidence obtained from research outcomes.
The question remains whether recovery and stress actually play a role in the context of LBP. Based on the theoretical framework suggested by Kallus (2016a) , the concepts of recovery and stress can be characterized as interrelated in a non-linear way. These deliberations comprised the basis of the present research and lead to the formation of three different recovery-stress patterns. The present study aimed to examine recovery-stress patterns and their association with LBP. It was hypothesized that individuals with a beneficial recovery-stress state (i.e. high recovery, low stress) demonstrate a lower LBP burden compared with individuals with an intermediate recovery-stress state (i.e. medium recovery, medium stress) and an unfavorable recoverystress state (i.e. low recovery, high stress).
| METHODS

| Participants and recruitment
Eligible participants had to meet the inclusion criteria of being aged 18 years or older, with self-and therapist-assessed non-specific LBP, and participation in some form of prescribed active exercise therapy
The preventive and restoring role of recovery for lower back pain (LBP) development in the work context. Adapted from Mierswa and Kellmann (2015) (e.g. physiotherapy) due to their back problems, under the guidance of a healthcare professional. Non-specific back pain was defined as burden without a clear pathological basis or physical origin (Balagué et al., 2012 
| Materials
Information was acquired via a wide spectrum of different questionnaires, including elements of the individuals' social, pain, activity and stress history. For the purpose of the present study, the data from two different questionnaires were extracted. Furthermore, the RESTQ-Basic-48 has been tested with numerous samples and has been validated with various other questionnaires to guarantee its generalizability as well as convergent and discriminant validity (Kallus, 2016b) .
| Chronic pain grade (CPG)
Pain intensity and disability in the lower back were measured using the CPG, covering a timeframe of the previous 3 months. The scales integrated into the analyses of the study were taken from the validated German version of the CPG (Klasen, Hallner, Schaub, Willburger, & Hasenbring, 2004) , which was originally developed by von Korff, Ormel, Keefe, and Dworkin (1992) . Regarding pain intensity, the 11-point Likert scales worst pain intensity and mean pain intensity were included, which range between the endpoints 0 (no pain) and 10 (pain as bad as could be). The disability scales are labelled interference with daily activities; change in ability to take part in recreational, social and family activities and change in ability to work. In line with the span of the pain items, the disability Likert scales range from 0 (no interference) to 10 (unable to carry on any activities). Internal consistency analysis with this sample resulted in satisfactory values for the pain (α = 0.82) and disability scales (α = 0.88). Additionally, Klasen et al. (2004) reported acceptable correlations between the CPG and other clinical instruments which determine equivalent outcomes for LBP, to ensure the validity of the instrument.
| Procedure
A cross-sectional design was applied to collect data from the participants. As a first step, a telephone survey was conducted to evaluate the eligibility of potential participants, based on the above-mentioned inclusion and exclusion criteria. Two individuals were not invited to complete the questionnaire package as they did not comply with the inclusion criteria. Suitable participants completed the entire questionnaire package in paper-and-pencil form and gave written consent to Cluster 1 represents individuals with high recovery and low stress values (n = 100). Cluster 2 includes individuals with medium recovery and medium stress values (n = 108). Cluster 3 represents individuals with low recovery and high stress values (n = 57).
, chi-square distribution; φ, phi coefficient; F, F-distribution; LBP, lower back pain; SD, standard deviation.
participate in the assessment. Alternatively, interested individuals had the opportunity to participate by using an online version of the questionnaire battery, which was created using EFS Survey software (Questback GmbH, Cologne, Germany). Again, a preliminary eligibility check regarding the inclusion and exclusion criteria was carried out. Euclidean distance served as the similarity measure to obtain relatively homogeneous groups for the subsequent group comparisons. Based on the theoretical deliberations outlined by Kallus (2016a) , cluster solutions with two, three and four different clusters were tested. The three-cluster solution showed the most distinguishable and interpretable clusters and was acceptably replicated in split halves of the sample (Bacher, Pöge, & Wenzig 2010) . Creating the clusters served as a starting point for the main research purpose of the current paper.
| Data analyses
As a first step of the data preparation, an outlier analysis, applying the interquartile range, was performed, based on the guidelines summarized by Iglewicz and Banerjee (2001) . One multivariate outlier was identified in the relevant dependent variables in the present study but was not excluded from the overall sample, following the recommendations by Field (2013) and Cousineau and Chartier (2010) . Thorough examination of the data was conducted by several researchers, checking for irregularities in data patterns. This procedure did not reveal any illogical data combinations and consequently no cases were excluded. The investigation of group differences regarding the LBP parameters was carried out using either parametric or non-parametric tests. For the dependent variables worst pain intensity and mean pain intensity, all necessary assumptions for parametric testing were met satisfactorily (Field, 2013; Tabachnick & Fidell, 2013) . Therefore, we performed two analyses of covariance (ANCOVAs), with the pain parameters of LBP controlling for gender and weekly training volume.
Regarding the disability measures of LBP (i.e. interference with daily activities, change of ability to take part in recreational, social and family activities, change of ability to work), the analysis of skewness and kurtosis revealed z-values greater than AE2.58. According to Ghasemi and Zahediasl (2012) , these data indicate a violation of normality, resulting in non-parametric testing. We therefore analysed the disability measures using non-parametric Kruskal-Wallis tests to identify overall group differences. The Mann-Whitney test was used to evaluate specific follow-up group comparisons. A control for the covariates we did not perform under the non-parametric testing as the necessary assumptions could not be fulfilled (Quade, 1967 3 | RESULTS
| Descriptive analysis
To check for any initial differences between the three groups, one-way analysis of variation or chi-square tests were conducted for the variables age, duration of LBP, gender, marital status, level of education, recruitment and weekly training volume (Jarvik et al., 2014; Meghani & Chittams, 2015) . Gender (p = 0.007) and training volume (p = 0.009) differed significantly between the groups; for this reason, these variables were included as covariates in the subsequent parametric statistical analyses. A detailed overview of the comparisons is provided in Table 1 . 
| Cluster solution
| Worst pain intensity
To determine statistically significant differences between the RESTQ clusters and worst pain intensity, a one-way ANCOVA was conducted, controlling for gender and weekly training volume. A significant effect of cluster type on worst pain intensity was found: (F)(2, 245) = 6.01; p = 0.003; (η P 2 ) = 0.05. The covariate gender exerted a significant influence: F(1, 245) = 4.43; p = 0.036; η P 2 = 0.02, whereas the weekly training volume was not significantly related to the worst pain intensity.
Bonferroni-corrected post hoc tests indicated significantly higher values of the dependent variable for cluster 3 compared with cluster 1 (p < 0.001) and cluster 2 (p = 0.003). No significant difference was obtained between Clusters 1 and 2 (see Table 2 ).
| Mean pain intensity
A one-way ANCOVA was calculated to examine statistically significant differences between the RESTQ clusters and the mean pain intensity, and 2 (see Table 2 ).
| Interference with daily activities
The Kruskal-Wallis test revealed that interference with daily activities was significantly affected by cluster type: H(2) = 18.57; p < 0.001.
Mann-Whitney tests were used to follow up this finding. Individuals in cluster 3 (Median (Mdn) = 3.00) were significantly more impaired by back pain with regard to their daily activities than individuals of cluster 1 (Mdn = 2.00); Mann-Whitney test variable (U) = 1738.00, z = −4.11; p < 0.001; r = −0.33. Cluster 1 and cluster 2, as well as cluster 2 and cluster 3, did not differ significantly.
3.6 | Change of ability to take part in recreational, social and family activities (Mdn = 1.00) and 3 (Mdn = 3.00) differed significantly with regard to change of ability to take part in recreational, social and family activities due to back pain, with cluster 3 being significantly more affected: U = 1409.50; z = −5.39; p < 0.001; r = −0.43. Significant discrepancies between cluster 2 and cluster 3 did not occur.
| Change of ability to work
For the dependent variable change of ability to work, the Kruskal-Wallis test reported a significant effect of the cluster type: H(2) = 25.06; p < 0.001. However, the examination of specific differences between the clusters did not reveal any significant differences between the individual clusters; only trends towards significance were obtained. Adjusted means and standard errors are reported because covariates were included in the analysis. The means are based on scales ranging between 0 and 10.
| DISCUSSION
In essence, our findings underscored the relevance of considering the recovery-stress pattern of individuals with LBP. In line with the initial assumptions, individuals in cluster 1 (i.e. high recovery, low stress)
showed significantly lower pain and disability in the lower back compared with individuals in cluster 3 with a negative pattern (i.e. low recovery, high stress scores). This relationship was consistently found among all evaluated dependent variables of pain and disability. By contrast, the comparisons between cluster 1 and cluster 2 (i.e. medium recovery, medium stress scores) mostly did not yield significant results.
The only exception occurred for the disability measure change of ability to take part in recreational, social and family activities. In addition, differences between cluster 2 and cluster 3 were also calculated and became significant for the two pain variables. The outcomes of the present study confirmed previous research in the field of health problems with regard to stress and the need for recovery (Aronsson et al., 2013; Sluiter et al., 1999) . Possible explanations of these findings can be considered from two different perspectives. Firstly, Kellmann (2002) established the scissors model, describing the interrelatedness of stress and recovery. An asymmetry resulting in excessive stress demands without sufficient recovery can lead to alarming health conditions and stress-related health impairment (Kallus, 2016a) . Based on the results of the present study, similar processes can also be assumed for LBP. The findings by Sonnentag and Zijlstra (2006) support the moderating role of recovery in the relationship between stress and health status, whereas our findings affirm a combined effect of low recovery and high stress on LBP. However, ultimately, it is not possible to clarify whether recovery takes on a moderating role with regard to LBP, as suggested by Mierswa and Kellmann (2015) . Our approach highlighted the necessity to contemplate a combination of stress and recovery in order to draw conclusions about pain and disability outcomes relating to the lower back, with recovery representing an additional psychosocial factor. Moreover, owing to the cross-sectional nature of the present study, it can also be assumed that increased pain and disability are accompanied by a dysfunctional recovery-stress balance. Both pain parameters were significantly elevated in cluster 3, and potentially showed the consequence of muscular strains and pathological changes in the pain-sensitive area of the lower back (McGill, 2016; Melzack, 2005) . Similarly, disability in all areas of social functioning was increased in cluster 3 compared with the balanced cluster 1. Therefore, it can be hypothesized that a prolonged condition with LBP led to the development of psychological stress and under-recovery (Truchon, Côté, Fillion, Arsenault, & Dionne, 2008) . Individuals might have perceived more stress as a consequence of pain in combination with reduced resources to unwind effectively (Sonnentag & Fritz, 2015; Sonnentag, Kuttler, & Fritz, 2010) . This bidirectional relationship might be reflected by our data (Gatchel, Peng, Peters, Fuchs, & Turk, 2007; Hapke et al., 2013) . Nevertheless, our findings contradict the second interpretation to a certain extent, as our descriptive analysis did not reveal any differences regarding LBP duration in the clusters. Additionally, not only were differences found between the extreme clusters 1 and 3, but specific discrepancies were also acquired. Clusters 1 and 2
can be defined as fairly analogous with regard to the pain and disability parameters as they only diverged significantly in their social and recreational activities. Both clusters displayed higher recovery than stress scores, indicating a positive balance in favor of recovery.
Another possible reason for this finding targets the nature of the recovery process itself. Many individuals use their leisure time to engage in positive unwinding actions (Cropley & Millward, 2009; Patterson, Bennett, & Wiitala, 2005; Sonnentag et al., 2010) . The individuals forming cluster 2 showed lower levels of recovery and higher levels of stress levels compared with cluster 1. They might have experienced fewer opportunities for participating in their regular restoring activities, or displayed a lack of knowledge about the activities which contributed to enhance their own recovery status (Cranley, Cunningham, & Panda, 2016; Pagan-Rodriguez, 2014) . Consequently, the cluster 2 individuals indicated more changes in their social and recreational activities as a sign of disability due to LBP. Another aspect to discuss pertains to the obtained differences between cluster 2 and cluster 3 in relation to the two pain parameters. It can be assumed that a certain threshold of minimum recovery and maximum stress exists, being located between the recovery-stress levels of cluster 2 and clus- 
| Limitations
One drawback of the present study is attributable to the nature of the design. The cross-sectional approach without any intervention does not allow for conclusions of causality. Furthermore, generalizability issues arise due to the studied population and concomitant characteristics of the investigated individuals. The sample comprised physically active individuals with relatively low levels of pain and disability in the lower back participating in active exercise therapy.
When combined, the factors of physical activity and active exercise therapy might have exerted a buffering effect on the pain and disability scores of the entire group (Hurwitz, Morgenstern, & Chiao, 2005; Penedo & Dahn, 2005) . At the same time, these characteristics could have influenced the recovery-stress state positively (Booth, Roberts, & Laye, 2012; Coffeng et al., 2014) . Hence, a sedentary population assessed within the work context would presumably have yielded different outcomes and could be considered in future studies. Moreover, we found group differences in gender and weekly training volume, and controlled for these effects using the ANCOVA. Subsequent research could investigate these aspects as independent factors, or a more homogeneous sample with regard to these characteristics should be gathered. Finally, the cluster solution of three different clusters might not be applicable to other populations. Whereas cluster 1 displayed a fairly clear picture of high recovery and low stress, the differences between cluster 2 and cluster 3 did not show the expected unambiguous structure derived from theoretical deliberations. This might have occurred because of the unequal numbers of participants in each cluster, with cluster 3 containing considerably fewer participants.
| Conclusion
The present study contributed to the understanding of associations between recovery-stress patterns and LBP. Hence, the underlying theoretical framework describing the role of recovery and stress for LBP was provided with evidence, by demonstrating potential relationships with actual data. Unfavorable recovery-stress states are associated with a higher LBP burden. Recovery was confirmed as another crucial factor to consider in the context of LBP. These findings can serve as an initiator to guide future research from a practical perspective. In longitudinal studies, the influence of the combination of recovery and stress on the LBP status should be considered in healthcare settings. Moreover, possible moderating effects of recovery interventions could be tested in prevention and rehabilitation contexts. LBP programmes should not only include strategies for stress reduction, but should also complement them with tools to enhance recovery and restore depleted resources.
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